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METHOD OF FABRICATING A VALVE ASSEMBLY FOR CONTROLLING 
FLUID FLOW WITHIN AN INKJET PEN 



HELD OF THE INVENTION 

The present invention relates to the control of fluid flow within an ink-jet 
printhead. 

BACKGROUND AND SUMMARY OF THE INVENTION 

An ink-jet printer includes a pen in which small droplets of ink arc formed and 
ejected toward a printing medium. Such pens include printheads with orifice plates 
with severaT very small nozzles through which the ink droplets are ejected. Adjacent 
to the nozzles are ink chambers, where mk is stored prior to ejection through the 
nozzle. Ink is delivered to the ink chambers through ink channels that are in fluid 
communication with an ink supply. The ink supply may be, for example, contained in 
a reservoir part of the pen. 

Ejection of an ink droplet through a nozzle may be accomplished by quickly 
hearing a volume of ink within the adjacent ink chamber. The thennal process causes 
ink within the chamber to superheat and form a vapor bubble. Formation of thermal 
ink-jet vapor bubbles is known as nucleation. The rapid expansion of ink vapor forces 
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a drop of ink through the nozzle. This process is called 'Tiring." The ink in the 
chamber may be heated with a resistor that is aligned adjacent to the nozzle. 

Another mechanism for ejecting ink may employ a piezoelectric element that is 
responsive to a control signal for abruptly compressing a volume of the ink in the 
5 firing chamber thereby to produce a pressure wave that forces the ink droplets through 
the printhead nozzle. 

Previous ink-jet printheads rely on capillary forces to draw ink through an ink 
channel and mto an ink chamber, from where the ink is ejected. Once the ink is 
ejected, the ink chamber is refilled by capillary force with ink from the ink channel, 

1 0 thus readying the system for firing another droplet 

As ink rushes in to refill an empty chamber, the inertia of the moving ink causes 
some of the ink to bulge out of the nozzle. Because ink within the pen is generally 
kept at a slightly positive back pressure (that is, a pressure slightly lower than 
ambient), the bulging portion of the ink immediately recoils back into the ink 

15 chamber. This reciprocating motion diminishes over a few cycles and eventually 
stops or damps out. 

If a droplet is fired when the ink is bulging out the nozzle, the ejected droplet 
will be dumbbell shaped and slow moving. Conversely, if the ink is ejected \^en ink 
is recoiling from the nozzle, the ejected droplet will be sp)ear shaped and move 

2 0 imdesirably fast. Between these two extremes, as the chamber ink motion damps out, 
well-formed drops are produced for optimum print quality. Thus, print speed (that is, 
the rate at which droplets arc ejected) must be sufficiently slow to allow the motion of 
the chamber to damp out between each droplet firing. The time period required for 
the ink motion to damp sufficiently may be referred to as the damping interval. 

25 To lessen the print speed reduction attributable to the damping interval, ink 

chamber geometry has been manipulated. The chambers are constricted in a way that 
reduces the ink chamber refill speed in an effort to rapidly damp the bulging refilling 
ink front. Generally, chamber length and area are constructed to lessen the 
reciprocating motion of chamber refill ink (hence, lessen the damping interval). 
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However, printheads have been unable to eliminate the damping interval. Thus, print 
speed must accommodate the damping interval, or print and image quality suffer. 

Ink-jet printheads are also suscepUble to ink "blowback" during droplet ejection 
Blowback results when some ink in the chamber is foK^d back into the adjacent part 
; of the channel upon firing. Blowback occurs because the chamber is in constant fluid 
communication with the channel, hence, upon firing, a large portion of ink within the 
chamber is not ejected ftom the printhead. but rather is blown back into the channel. 
Blowback increases the amount of energy necessary for ejection of droplets from the 
chamber ("turn on energy" or TOE) because only a portion of the entire volume of ink 
in the chamber is actually ejected. Moreover, a higher TOE results m excessive 
printhead heating. Excessive printhead heating generates bubbles from air dissolved 
in the Ink and causes prenucleationofthe ink vapor bubble. Air bubbles within the 
ink and prenucleation of ti,e vapor droplet result in a poor ink droplet formation and 
thus, poor print quality. 

The present invention provides an assembly tiiat includes minute, active valve 
members operable for controlling ink flow within an ink-jet printhead. An 
embodiment of the valve assembly is incorporated in an ink channel that delivers ink 
to the firing chambers of the printhead. The valve members include a resiliently 
deformable flap comiected at one end to a surface of the ink channel. The free end of 
the flap is deflected into a position that restricts ink flow within tiie chamiel. The flap 
substantially isolates the ink chamber from the chamiel during firing of a droplet. 

Isolating the chamber with tiie flap reduces blowback. During ejection, ink in 
the chamber is blocked by the deflected flap and cannot blowback into the channel, 
but must exit Um>ugh the nozzle. This blowback resistance raises the system thermal 
efficiency, lowering TOE. A lower TOE reduces printiiead heating. Reducing 
printhead heating helps maintain a steady operating temperature, which provides 
uniform print quality. 

With the flaps deflected in a manner such that the ink chamber is isolated 
immediately after chamber refill, the valve assembly of the presem invention also 
reduces the ink damping interval. With the chamber isolated, the distance the ink may 
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travel back from the nozzle is limited, which in turn reduces the reciprocating motion 
of the ink. Consequently, the ink damping interval is significantly decreased, 
allowing higher print quality at faster printing speeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is an isometric view of an ink-jet printer pen that includes a preferred 
embodiment of the valve assembly of the present invention. 

Fig. 2 is an enlarged top sectional view of the printhead portion underlying a 
pen nozzle, showing valves in a closed position. 

Fig. 3 is an enlarged cross-sectional view taken along line 3-3 of Fig. 2. 

Fig. 4 is an enlarged cross-sectional view of a valve member of the present 
invention. 

Fig. 5 is an enlarged perspective view of a valve assembly and nozzle in 
accordance with another preferred embodiment, the solid lines depicting the valve in a 
closed position and dashed lines depicting the valve in an open position. 

Figs. 6A-E are section diagrams depicting fabrication of a valve assembly of the 
present invention. 

Figs. 7A-F are section diagrams depicting fabrication of another embodiment of 
the present invention. 

Fig. 8 is an enlarged cross-sectional view of a valve assembly and firing 
chamber in accordance with another preferred embodiment, the solid lines depicting 
the valve in a closed position and dashed lines depicting the valve in an open position. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to Fig. 1, the valve assembly of the present invention is incorporated 
within an ink-jet pen 1 0. The preferred pen includes a pen body 12 defining a 
reservoir 24. The reservoir 24 is configured to hold a quantity of ink. A printhead 20 
is fit into the bottom 14 of the pen body 12 and controlled for ejecting ink droplets 
from the reservoir 24. The printhead defines a set of nozzles 22 for expelling ink, in a 
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c„„.„„«, p3„e„. a„H„g pH„U„g. E,ch nczie 22 . i„ fl^d co™u„.ca,i„„ ^U, a 
finng chan,ber 42 (Fig. 3) defi„«J i„ tf,c base 23 of prind^ 20 

Each firing chamber 42 ha. associated Wirt i, a ta„.fita„esi«or 46 TT« 
resistc. 46 are selectively driven o»..ed) wirt a sufficien, cu,™„ ,„ 

s «>-ri-»n,eofU«i„ki„ftechan,b«42.Ae,eb,fo,cing.d,opIe,u™„gh*e 
nozzi. 22. Conductive drive lines each resis«,r 46 «e c«ried upon a circuit 26 

n,o^.ed»a»ex..ri„„fU.ep«,body ,2. Cir^i. contact pads .« (shown enlarged 
for .Ih^rauon). at the «.ds of the resiaor drive lines, engage similar pads carried on a 
nu«chn.g circuit attached to the carriage (not shown), nte signal for fning the 
resistors 46 is gener«ed by a nJcroprocessor and associated drivers that apply firing 
signals to the resistor drive lines. ^ 
The pen includes an ink supply within the pen teservoir 24. A st^ly conduit 
(no, shown) conducts ink fion, the reservoir 24 to ink channds 28 defined in the 
pnnthead. i„k channels 28 are configured so that ink moving therethrough is in 
15 flurd communication with each firing ch»nber 42 and hence e«A noale 22 

Rcfemng generally to Figs. 2-1. m a preferred «nbodimem of th. pres«,t 
mvention. the valve assembly comprises valve members (or flaps) 32 constructed of 
resihently defonnable materials, movable into and .« of open and closed posittons 

^« -""We valve memb«s 32 provide control ofink flow wi«unfl« channel 28 ' 

^'^^™R«-3,nd4.avaIvemembc32isconnecteda,one.fixedend 
34. to the base 23 of the printhead. p^ferably conUnuous with the lower surface 40 of 
the channel, other. ft« end 36 of the valve member 32 is left free to move within 
the channel 28. 

32 is placed on either side ofand adjacent ,o the ink 
finng chamber 42 (Fig. 3). Such placemen, allows isolation of the chamber 42 when 
the valve membets 32 are deflected. I, is contemplated, however, that a single valve 
member could be used in designs whete d,e chamber has a single connection with a 
channel. 

3o . ,„'^° "position for .es^^^ 
3 0 ink flow in the channel 28. 
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In accordance with a preferred embodiment of the invention, the valve members 
32 are constructed of two layers or portions of deformable material. Each of the 
layers comprise materials possessing different coefficients of thermal expansion. 
When valve member 32 is heated, one layer of the valve member 32 undergoes 
relatively less thermal expansion than the other layer. The layers are arranged so that 
the differing thermal expansions catise the valve member 32 to deflect or bow in a 
direction toward the upper surface 38 of the channel. The layer materials possess 
coefficients of thermal expansion of sufficient difference to cause, upon heating, the 
valve member 32 to deflect enough to substantially occlude the chaimel 28. 

Alternatively, the valve members 32 may be constructed of three layers of 
deformable material wherein the middle layer possesses high thermal conductivity. 
Thus, the middle layer will act as a heating element 44, causing the valve member 32 
to deflect when heated (Fig. 4). 

Referring to Fig. 4, in a preferred embodiment of the invention, the irmer layer 
48 (also referred to herein as a "first portion") of the valve member 32 comprises a 
material possessing a higher coefficient of thermal expansion relative to the outer 
layer 50 (also referred to as "second portion"). Upon heating of the valve member 32, 
the inner layer 48 thermally expands to a length greater than the outer layer 50, 
Consequently, the valve member 32 deflects in a direction toward the outer layer 50, 
depicted by dashed lines in Fig, 3. In a preferred embodiment, the valve member 
deflects toward the opposing or upper surface 38 of the ink channel 28 (Fig. 3). 

The valve member 32 is heated, and hence opened or closed, by applying or 
removing current, respectively, to one of the layers. Current is applied to the layer 
acting as the heating element 44 (Fig. 4). The heating element 44 may be any 
electrically conductive layer of the valve member 32 that comprises a material having 
a high thermal conductivity. 

Preferably, the valve member 32 is in an open position when the valve member 
32 is not heated, as depicted by solid lines in Fig. 3. In the open position, the 
uppermost surface of the valve member is coplanar with the lower surface 40 of the 



channel 28. When in the open position, ink flows freely between the channel 28 and 
the firing chamber 42. 

When a droplet, is to be ejected, the valve members 32 are moved to a closed 
position, depicted by dashed lines in Fig. 3. Fig. 3 depicts a pair of valve members on 
each side of the chamber 42. A single valve member, however, on each side of the 
chamber should suflSce. To close the valve membere 32, current is applied to heat the 
layer acting as the heating element 44 of the valve member. The valve members 32 
are selectively driven (heated) with a sufficient current to cause deflection. Drive 
lines to each valve member 32 are carried upon the circuit 26 that is mounted to the 
exterior of the pen body 12. 

The valve members 32 are heated a sufficient amount to cause the outer end 36 
of the valve member to deflect and contact the upper surface 38 of the channel 28. 
When a valve member 32 is deflected in such a manner, ink flow between the channel 
28 and the chamber 42 is substantially occluded. Additionally, when the valve 
members 32 on either side of the chamber 42 arc in a closed position, the ink chamber 
42 is completely isolated fiom the chamber with the nozzle 22 being the only exit for 
ink from the chamber (Fig. 3). Such valving of the ink channel near the chamber 
reduces blowback and lowers TOE, as mentioned above. 

In another embodiment of the invention (Fig. 5), the valve assembly 1 32 is 
coupled with a pressurized ink source. Pressurized ink is directed through channels 
128 that are contiguous with each nozzle 122. The ink is pressurized a sufficient 
amount to expel an ink droplet through the nozzle 122. 

Referring to Fig. 5, in this embodiment, the valve member 132 is positioned to 
protrude from a side wall 143 of the printhead base adjacent to a nozzle 122 so that 
the upper side 145 of the valve member 132 occludes the junction of the ink channel 
1 28 and the nozzle 122. In Fig. 5, the nozzle is shown in dashed lines, having a 
generally cylindrical shape, although other shapes are acceptable. 

Ink flow from the channel 128 into the nozzle 122 is completely occluded when 
the valve member 132 is in a non-deformed position (i.e. not heated), as depicted by 
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solid lines in Fig. 5. The valve member 132 remains in the closed position until an 
ink droplet is to be ejected from the nozzle 122. 

To eject a droplet from the nozzle 122, a pulse of current is applied to the 
heating element 144 of the valve member 132. The valve member then temporarily 
deflects to an open position. When the valve member 132 is in an open position, the 
pressurized ink flow within the channel 128 is in fluid communication with the nozzle 
122. As a result, a droplet is ejected through the nozzle 122. The open position of the 
valve member 132 is depicted by the dashed lines in Fig. 5. 

In this preferred embodiment, the valve member 132<ieflects by the same 
operation as the preferred embodiments described above. The inner and outer layers 
1 54, 1 56 of the valve member 132 are comprised of materials possessing different 
coefficients of thermal expansion, relative to one another. The iimer layer 154 
possesses the higher coefficient of thermal expansion. As current is applied to the 
heating element 144, the valve member temperature increases and the inner layer 1 54 
undergoes a greater relative thermal expansion relative to the outer layer 1 56. The 
valve member 1 32 then deflects or bows in a direction toward the outer layer 156. 
The valve member 132 remains in an open position just long enough to allow an ink 
droplet to eject through the nozzle 1 22. 

This embodiment (Fig. 5) allows ejection of ink without need for a resistor or 
other similar droplet firing device. 

In another preferred embodiment of the present invention (Fig. 8), the valve 
assembly 232 is mounted to the lower surface 240 of the ink channel 228. The valve 
assembly is located such that the lower side 247 of the valve member 232 covers the 
junction of the chamber and an ink inlet 246 that delivers ink from the pen reservoir to 
the ink channel 228. In Fig. 8, the ink inlet 246 is shown having a generally 
cylindrical shape, although other shapes are acceptable. 

Ink flow from the ink inlet 246 to the ink channel 228 is occluded when the 
valve member 232 is in a non-deformed position (i.e. not heated) as depicted in Fig. 8. 
The valve member 232 remains in a closed position until an ink droplet has been 
ejected from the nozzle 222 and the ink chamber 242 requires refilling. 
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In this prefe,«d embodimcm, U,e valve member 232 deflect, by fte same 

254^256 of Ae valve member 232 are comprised of m.«ri.i, po^^essing difTe™,, 
coefficient of U«,mal expansion relaUve ., one ano*er. The lo^ hyer 254 

5 Po»=««sU,ehigl„co.flici««ofU>enna.exp«,s,o.. As «„.n, Is applied .o a 
heating elemen, 244, fte valve member ,emp«^ i„ere„„ ^ ^ „^ 
undergoes a g,e«er Aennal expansion relaiv. ,„ ft. upper layer 256. The valve 
member 232 ften deflecB or bo«s in a direction .oward Ae upper layer 256 The 
™ive member remains in an open position long enough ,o reflll u,e ink chamber 242 
Ttas particular preferred embodimen, ensures ,oW occlusion of ink flowb«ween ti«' 
■nk mle, and fte ink chamber. Additionally. Ae ink chamber may be complexly 
.solared such fta, ink blowback and U,e ink damping interval are greatiy reduced 
TT.e valve members 32. 132. 232 of U,e above described embodiments may 
comprise any of a variety of material layers. In a preferred embodiment, U» valve 
member may comprise two layers of meuU. Each metal layer possesses a diir«en. 
coefHciem of d,e,mal expansion (i.e. the vdve m«nber is bimetallic). The valve 
member may also comprise a layer of polyimide or a simitar compound and a metal 
layer, '"^-oti^rprefenedembodimem (Figs. 4 and 5), d« valve member 32 132 
comprise two polyimide layers with a conductive layer 44, 1 44 therebenveen 

The g««ral fabrication process (often refened to as microfabrication) of the 
valve assembly of Figs. 2 and 3 is depicted In Figs, 6A.6E, and explained next 

In a preferred embodiment the base 23 of the printhead comprises a substrate 
58, also refened to as a thin-film stack. The substrate includes, from bonom to top a 
P-type silicon layer having , thickness of about 675 mm. covered with a layer of " 
s,l.con dioxide about .2.000 A U,ick; a passivation layer having a thickness of about 
7.500 A: an electrically conducive aluminum layer having a thickness of about 1 000 
A; a reststor layer having a thickness of about 5.000 A; and another passivation layer 
havmg a thickness of about 6.000 A. The conductor/resistor traces layer Is configured 
to .nterconnec. individual resistors and valve members with tfre appropriate drive 
signals generated by a microprocessor. In Fig. 6. the lower layers (silicon, silicon 
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dioxide, lower passivation layer) are for convenience shown as a single layer 58b. 
The remaining upper layers at the bottom substrate are shown as a single layer 58a. 

The thin-film stack substrate 58 is masked vsrith positive or negative photoresist. 
The substrate 58 is then patterned and anisotropically etched through the conductor, 
5 resistor and passivation layer 58a of the substrate to define a via 60 for connection of 
the valve member 32 to the electrical traces layer within the substrate. The via 60 
provides an electrical passageway for driving the valve member 38 through selective 
application of current, as explsuned below. 
A sacrificial layer 64 is next deposited using low pressure chemical vapor deposition 
1 0 (LPCVD), plasma enhanced chemical vapor deposition (PECVD) or a spin->on 

process. The sacrificial layer 64 is preferably a low temperature oxide, but may also 
comprise a layer of photoresist or polyimide. Preferably, the sacrificial layer 64 is 1 to 
2 microns in thickness. The sacrificial layer 64 is then patterned and etched to define 
what will be a clearance space directly beneath the valve member 32 (Fig. 6B). The 
15 patterned sacrificial layer 64 will be removed later in the fabrication process to enable 
one end of the valve member 32 to move free of the substrate 58. 

In a preferred embodiment, the valve member is bimetallic. Accordingly, a first 
or inner metal layer 68 is deposited upon both the substrate 58 and the patterned 
sacrificial layer 64 (Fig. 6C). The inner metal layer 68 fills the via 60 providing 
2 0 electrical connection with the traces layer, hence between the microprocessor and 
valve member 32 through the substrate 58. A second or outer metal layer 70 is 
deposited over the inner metal layer 68 (Fig. 6D). Both the inner and outer metal 
layers are preferably sputter deposited in thicknesses of 1 to 4 microns per layer. 
Preferred metal layers comprise aluminum, palladiimi, gold, platinum, tantalum and 
2 5 mixtures thereof. 

A positive or negative photoresist layer is deposited on the outer metal layer 70. 
The photoresist layer is patterned to define in the metal layers 68, 70, the shape of a 
valve member 32. Specifically, both the inner layer 68 and outer layer 70 are etched 
through on two sides of the sacrificial oxide layer 64, thereby defining the free end 36 
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of the valve member 32. The sacrificial layer 64 is then removed, releasing the fiee 
end 36 and sides of the valve member from contact with the substrate 58 (Fig. 6E). 

In another preferred embodiment of the present invention, the outer layer 70 
comprises a baked polyimide layer. The polyimide layer 70 is preferably 2 to 8 mm 
microns in thickness. The imier metal layer 68 acts as a thermally conductive heating 
element The fabrication process parallels the fabrication process above, with the 
exception that the inner (metal) layer 68 and the outer (polyimide) layer 70 must be 
etched separately. Moreover, the polyimide layer is baked (e.g.. heated between 130» 
and 220'C for about 30 minutes), prior to etchmg to define the valve member 32. 

In yet another preferred embodiment, both the inner and outer layers comprise 
baked polyimide layers (Figs. 4 and 5). A third, middle layer, of highly conductive 
material acts as the heating elemem 44, 144, 244. The fabrication process for this 
embodiment is shown generally in Figs. 7A-7F. whereby a thin fihn stack (substrate) 
1 58 is first masked with positive or negative photoresist. The photoresist is patterned, 
and the substrate is anisotropically etched through the passivation layer 162 to define 
a via 1 60. The via 160 provides for connection of the valve member to electrical 
traces vwthin the substrate 158. 

A sacrificial layer 164 is deposited using LPCVD, PECVD or a spin-on process. 
The sacrificial layer 1 64 is preferably a low temperature oxide, but may also 
comprise a layer of photoresist or polyimide. Preferably, the sacrificial layer 1 64 is 1 
to 2 microns in thickness. The sacrificial layer 164 is patterned and etched to define 
what will become a clearance space directly beneath the valve member (Fig. 7F). The 
patterned sacrificial layer 1 64 will be removed later in the fabrication process to 
enable the fi-ee end 1 36 of the valve member to move in a direction away from the 
substrate 158. 

A first polyimide layer 172 is deposited upon both the substrate 158 and the 
patterned sacrificial layer 164 (Fig. 7A). The first polyimide layer 172 fills the via 
160. The polyimide layer 1 72 is baked at about 200»C for about 30 minutes, 
patterned and etched on two sides of the sacrificial layer to define the valve member 
including its free end 136. The inner polyimide layer 172 is also patterned and etched 



to create a second via 174 (Fig. 7B). A thin layer of conductive material 144 is 
deposited, preferably by a sputtering process (Fig. 7C). The layer of conductive 
material acts as the heating element 144, and is preferably, about 1 micron in 
thickness. The heating element layer 144 is then patterned and etched to conform to 

5 the shape of the valve member ^ig. 7D). " 

An outer layer of polyimide 1 76 is deposited, patterned and etched to conform 
to the shape of the valve member (Fig. 7E). The outer polyimide layer 176 is baked at 
a lower temperature (e.g. 100*^C) relative to the inner polyimide layer 172. The higher 
the baking temperature of the polyimide layer, the higher the coefficient of thermal 
10 expansion of the polyimide. As discussed above, the differing thermal conductivities 
of the valve member layers determines the direction and extent of deflection of the 
valve member. 

Lastly, the sacrificial layer 164 is removed, enabling the free end 136 of the 
valve member to move in a direction away from the substrate 1 58 (Fig. 7F). 

15 It will be appreciated that for the embodiment of Fig. 5, the valve assembly is 

constructed so that the nozzles 122 are oriented to be adjacent to one side 145 of the 
valve member 132. The thickness of that side 145 (measured top to bottom in Fig. 
7F) must, therefore, be slightly greater than the diameter of the nozzle so that the flow 
of ink through the charmel 128 and the nozzle 122 will be occluded when the valve 

20 member is closed (solid lines Fig. 5). 

Similarly, it will be appreciated that for the embodiment of Fig. 8, the valve 
assembly is constructed so that the ink inlet 246 is oriented adjacent to the lower side 
247 of the valve member 232. The thickness of that side 247 is slightly greater than 
the diameter of the ink inlet 246 so that the flow of ink will be occluded when the 

2 5 valve member 232 is closed. 

Having described and illustrated the principles of the invention with reference to 
preferred embodiments, it should be apparent that the invention can be further 
modified in arrangement and detail without departing from such principles. 

3 0 What is Claimed is: 
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CLAIMS: 

1. A method of fabricating a valve assembly on a substrate (58). comprising 
the steps of: 

depositing a sacrificial oxide layer (64) onto a substrate; 
depositing on the sacrificial layer a deformable, thermally conductive first 
layer (68); 

depositing on the first layer a defoimable, thermally conductive second layer 
(70) wherein the second layer has a different coefficient of thermal expansion 
relative to the first layer; 

etching the first layer and the second layer to define a valve member (32); 

and 

removing the sacrificial oxide layer (64) thereby freeing part of the first and 
second layers from the substrate; and 

connecting the valve member to a heat conductor for heating at least one of 
the first and second layers. 

2. The method of fabricating a valve assembly according to claim 1 wherein the 
steps of depositing the first layer (68) and the second layer (70) comprise: 

depositing a first .metal layer (68) having a first coefficient of thermal 
expansion; and 

depositing a second metal layer (70) having a second coefficient of thermal 
expansion. 
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